Introduction
============

Traumatic brain injury (TBI) is a global public health concern and one of the main causes of morbidity, disability, and mortality that has been associated as a risk factor for neurodegeneration and degenerative diseases. Globally, investigators from the clinical disciplines have expressed interest in the translational research on neuronal and brain-injured patients regarding respiratory management with special and increased interest on ventilator protection in the last few decades. [@JR_1] [@JR_2] Tracheostomy is the most common surgical procedure made in patients in intensive care unit (ICU) who require mechanical ventilation (MV) (6--20%). [@JR_3] [@JR_4] The objective of this article was to make a narrative review of the tracheostomy relation in neuronal and brain-injured patients.

Materials and Methods
=====================

We attempted a comprehensive assembly of study reports by exploring various resources, published surveys, and field studies in which indications, timing, management, complications, and outcomes of tracheostomy in relation to neuronal and brain-injured patients following TBI were reported. Based on the search results, we identified 87 research publications from potentially relevant articles on tracheostomy in TBIs. The search terms included combinations of Medical Subject Headings (MeSH) terms and empirical taxonomies from tracheostomy in TBI from PubMed-Entrez, Cochrane library, Web of science, and the World Health Organization (WHO) global health library including searching of abstracts from scientific meetings. In the absence of monolithic pattern of reporting and nationally representative database, all the reports on tracheostomy in TBIs were considered in this review. First, study reports of tracheostomy in TBIs among research literature sources were sourced; second, reports containing indications, timing, management, complications impacting outcomes of TBIs were identified from all the possible sources; third, globally published information from apex bodies, for example, WHO, Center for Disease Control and Prevention, Atlanta United States, and others, were also sourced. Primary outcome variables included were indications, timing, management, complications impacting outcomes of TBIs

Traumatic Brain Injury
======================

In the last few decades, TBI incidence has been steadily increasing especially in the rural areas of low- and middle-income countries due to the greater uses of motorized vehicles; therefore, it is expected that by 2020 TBI will be one of the major causes of death and disability. [@JR_5] [@JR_6] [@JR_7] Due to prompt medical and surgical approaches, death has substantially come down in recent times, yet greater number of TBI victims are living with spectrum of sequelae and disabilities. [@JR_8]

The Glasgow Coma Scale and TBI
==============================

The Glasgow Coma Scale (GCS) is part of clinical practice guidelines conventionally used as bedside neurological scale in routine office practice since it was introduced in 1974. It helps the physician in the assessment of the level of consciousness in patients to determine severity of the TBI with suspected patients of TBI. GCS measures the eye opening (4 points), the verbal response (5 points), and the best motor response (6 points) for a total of minimum 3 to maximum 15 points. This score is associated with alterations in pathophysiological changes following TBI that is reflected in the total score; it will be from 13 to 15 (mild), 9 to 12(moderate), and less than 8 (severe TBI), respectively. [@OR_9] [@JR_10] Severe TBI with lowest score is related to unconsciousness and coma with corresponding higher complications; tracheostomy is part of the clinical practice guidelines in these patients of different research groups. [@JR_11] [@JR_12]

Tracheostomy and Its Indications in TBI
=======================================

The tracheostomy (or tracheotomy) is a hole made by a surgical procedure in the cervical neck and anterior trachea wall to provide an airway for the patient for its breathing without the normal airways (nose or mouth). This bedside procedure is done specially in patients who suffered trauma injuries or neurological disturbances, but may be used in other cases in the ICU. [@JR_13] [@JR_14] A prolonged period of tracheal intubation poses an increased risk of a wide range of complications, for example, ventilator-associated pneumonia, increased need for deep sedation, vocal cords damage, ventilator-associated sinusitis, and ventilator weaning delay among others. [@JR_15] A prolonged intubation period gives us a standpoint in the decision tree toward an absolute indication for establishing a more stable surgical airway---tracheostomy this case scenario. [@JR_3] [@JR_16] There are three "categories" that indicate to realize of the procedure: airway obstruction may be due to trauma, airway infections or neoplasm, and even anaphylaxis (the objective is to establish a secure and useful airway in a patient with obstructed or inadequate airway). [@JR_14] [@BR_17]

Tracheostomy is required in prolonged respiratory failure that may be caused by a concomitant disease such as chronic obstructive pulmonary disease, acute respiratory distress syndrome (ARDS) and fibrosis (the objective is to give the patient positive pressure ventilation to reduce the dead space and resistance in airway to facilitate the weaning process; also, this will reduce the sedative therapy requirements). [@JR_14] [@BR_17] Also, in MV patients and those with excessive secretions and impaired cough caused by neurological injuries or chronic infections, tracheostomy is required (the objective is to clear secretions to avoid them to get into the pulmonary tract). [@JR_3] [@JR_14] [@BR_17] Further, there are relative contraindications for tracheostomy procedure itself, namely in patients younger than 15 years, elderly patients, and patients with morbid obesity, with uncorrectable bleeding diathesis, having a gross distortion in the neck caused by a mass, hematoma, tumors, or scarring from other surgical interventions, having limited neck mobility or extension by cervical vertebral fusion, or those with any cervical spine instability or alteration. [@JR_18] [@JR_19]

Timing of Tracheostomy: Early versus Late
=========================================

As mentioned earlier, one of the objectives in the management of patients with TBI is the establishment of a permeable airway; in many cases, it is necessary to obtain a definitive airway with endotracheal intubation and MV. [@BR_17] However, when the endotracheal intubation has to be prolonged beyond the expected time, lesions may appear in the laryngeal mucosa. This is the time when other types of access should be considered for a less harmful temporary or permanent airway. Wang et al [@JR_20] had documented that tracheostomy has certain advantages over prolonged intubation. However, it is still debated whether the time of performing the procedure affects the clinically important outcomes. [@JR_3] Further, there is a lack of consensus regarding early tracheostomy (ET) versus late tracheostomy (LT). Literature supports that these can go from one to several days, and the benefits regarding the incidence of pneumonia and mortality were variable, which makes evident the great heterogeneity in the different studies. [@JR_21] [@JR_22] Khalili et al defined ET as less than 6 days after admission and concluded that patients with ET had a significantly shorter hospital as well as ICU stay, although mortality rates were not significantly different between the two groups; also, the Glasgow Outcome Scale (GOS) more than 4 was higher and ventilator-associated pneumonia was lower among the ET group. They also showed that ET significantly improved prognosis at 6 months (GOS \>4). Further, they observed that the scores of GCS and Rotterdam showed no effects on the 6-month prognosis. [@JR_23] Two other studies also showed comparable results to the previous study---that patients with ET had a shorter ICU stay compared with LT patients, [@JR_20] [@JR_22] fewer days of MV, shorter duration of hospital stay, and lower incidence of nosocomial pneumonia, [@JR_20] [@JR_22] though mortality rates in ET versus LT were comparable. [@JR_22]

Alali et al in a cohort of 1,811 patients also observed lower probabilities of pneumonia, deep vein thrombosis, and decubitus ulcers; hospital mortality was similar between groups; unlike the majority, they also evaluated other additional variables with increased possible benefits of ET. [@JR_21] Two other large multicenter studies deserve to be mentioned. In one multicenter study called TracMan (tracheostomy management in critical care), 909 randomized patients underwent a tracheotomy after 1 to 4 days versus more than 10 days of ventilator assistance, and noted that timing of tracheostomy had no effect on mortality, stay in ICU, or hospital. However, they also observed that patient who underwent ET needed less sedation. [@JR_14] Terragni et al in another multicenter study on 419 patients randomized to perform a tracheostomy after 6 to 8 days or 13 to 15 days of MV concluded that the time of the tracheostomy did not affect the incidence of ventilator-associated pneumonia and 28 days mortality. However, it reduced the duration of MV and ICU stay. [@JR_24] These studies had certain limitations. The TracMan study studied patients with ET (1--4 days) of MV. The literature suggested that majority of the patients with MV during this period of time would be released from MV without the need for a tracheotomy; therefore, it is not clear how the early intervention arm for TracMan would be applied to most clinical settings. [@JR_14] Terragni et al excluded patients with anatomical deformity of the neck, history of previous tracheotomy, chronic obstructive pulmonary disease, and pneumonia (with a higher percentage of tracheostomy performed in ICU). [@JR_3] [@JR_24] In spite of the above, these studies suggested that the tracheostomy is a safer option in critically ill patients, because no mortality or serious short-term complications were reported related to tracheostomy. [@JR_14] [@JR_24]

Most studies define ET less than 5, 6, 8, or 10 days after admission to the definitive care centers. [@JR_16] [@JR_25] Based on the evidence from available literature, it is suggested that placement of the tracheostomy can be deferred for at least 2 weeks to ensure the need for ventilator support following acute respiratory failure. All of these studies [@JR_20] [@JR_25] [@JR_26] were inclined toward the reduction in the stay in the ICU, MV, and hospital stay. Pneumonia associated with MV can also be reduced with ET according to the literature, but mortality is usually quite comparable between both groups. The heterogeneity in the population of these studies, the variation in the quality of the study, and the lack of direct care protocol make it difficult to draw conclusions about clinical outcomes between ET and LT; however, majority of the studies have demonstrated a beneficial effect ET, with minimal harmful effects. [@JR_16]

Percutaneous Dilatational and Surgical Tracheostomy
===================================================

Currently, there are two techniques used to perform tracheostomy; however, still there is a need to decide which would be better. The first is the conventional surgical tracheostomy (ST) that is the classic technique of performing a tracheostomy until the next generation or percutaneous dilatational tracheostomy (PDT) arrived. [@JR_27] Several clinical studies, meta-analysis, systematic reviews, and secondary data analysis have compared PDT and ST, suggesting equivalences and even the potential superiority of PDT over ST. [@JR_28] [@JR_29] [@JR_30] [@JR_31] [@JR_32] Two meta-analysis and one systematic review showed a statistically significant reduction in stoma infection and operative time with PDT. [@JR_28] [@JR_29] [@JR_31] In addition, one of the two meta-analysis showed that PT techniques reduced the chances of major postoperative bleeding. [@JR_31] However, two recent systematic reviews showed no statistically significant differences with respect to postoperative bleeding rates, [@JR_29] surgical bleeding, and mortality. [@JR_29] [@JR_30] The longitudinal follow-up suggested that the delayed complications, which included clinically significant tracheal stenosis, were similar compared with these techniques. [@JR_3] [@JR_33] PDT has gained wide acceptance, due to its great ease, for the advantages that have been observed in several studies, so it has become the predominant method of tracheotomy placement. [@JR_3] [@JR_34] [@JR_35]

Management of TBI Patients with Tracheostomy
============================================

As mentioned previously in this review, one of the main objectives in patients with a GCS less than 8 is to establish MV to prevent hypoxemia and hypercapnia that may occur as a second insult in severe TBI cases. [@JR_1] It is well known that in medical practice, the prophylactic hyperventilation for prolonged periods should be avoided; but it is unclear if tidal volume and the positive end-expiratory pressure (PEEP) should have an exact value for the patients with TBI and those undergoing tracheostomy management in the ICU. Even though, some studies have shown evidence that a higher tidal volume and lower PEEP were presented with neurological injury; also a prolonged MV, nosocomial infections, and mortality rates are higher in this patients. [@JR_36] [@JR_37] The management inside the ICU of becomes complex because it is related to the maintenance of a good ventilation, weaning, and extubation issues. [@JR_38]

Severe TBI with impaired consciousness due to brain stem injury with subsequent hypoventilation (that produces the secondary brain insults) and the related complications has bad outcomes. [@JR_39] Because of this, it is recommended that once the GCS is established with less than 8 scores, the practitioner must perform an endotracheal intubation [@JR_40] the main objective is to increase the inspired oxygen fraction higher than 60 mm Hg to avoid ischemia of brain tissues; even though, if it is diagnosed, this value can be modified and scrutinized by monitoring of low tissue oxygen tension and the implementation of a low jugular venous O ~2~ saturation [@JR_40] . Also, the partial pressure of CO ~2~ (PaCO2) should be measured to determine the cerebral blood flow that is related to the intracranial pressure (ICP); if the physician controls PaCO ~2~ and keeps the levels between 32 and 45 mm Hg in TBI cases, it shows evidence of better prognosis. [@JR_38] [@JR_40] [@JR_41] Even now, there is no consensus on the values of tidal volume to get a PaCO ~2~ into the recommended range. [@JR_40] Special attention is needed in TBI patients from increased risk of ventilator-induced lung injury and ARDS due to high tidal volumes leading to worse prognosis; low tidal volume is recommended in the brain-injured patients to avoid these complication. [@JR_40] [@JR_41] [@JR_42] [@JR_43] Another issue is the control of PEEP as with its increase it produces a higher intrathoracic pressure impairing the central venous return to increase ICP; it is recommended to use less than 5 cm H ~2~ O of PEEP values. [@JR_37] [@JR_40] [@JR_42] Some studies have shown that a PEEP increased to 15 cm H ~2~ O does not produce significant changes in the ICP. In brain tissue oxygenation, higher levels lead to a better oxygenation, thus a PEEP increment is safe in brain-injured patients with ARDS without hemodynamic alteration to improve the prognosis and outcomes. [@JR_2] [@JR_40] [@JR_44]

Pediatric Perspective
=====================

As in adults, the tracheostomy procedure in pediatrics should be considered if the patients fulfill all the criteria mentioned above, especially if there is an inability to maintain a secure airway, the prolonged ventilation, or even the airway obstruction [@JR_45] for this population the tracheostomy timing is between 7 and 10 days. [@JR_23] In the pediatric population, the TBI is a major cause of death and disabilities in patients from 1 to 19 years old, [@JR_45] [@JR_46] commonly caused by falls in the youngest patients (\< 2 years), while the traffic road motor vehicle accident is the common cause in adolescents. [@JR_47] At birth, general requirements are lower and increase at its maximum levels at 9 years of age approximately. [@JR_48] Therefore, children require less air volume than adults even when they have higher oxygen requirements. [@JR_49] After a severe injury is important to establish a good airway management, the tracheostomy in the children allows them an early transition from the ICU to the natural home environment. [@JR_50] The main objective in the pediatric critical care is to maintain an appropriate CPP with an ICP less than 20 mm Hg. [@JR_45] Sometimes the increase in ICP can be treated with therapeutic hyperventilation, but this treatment can lead to a PCO ~2~ decrease that in extreme levels decrease the cerebral perfusion (this is because the blood flow in these patients is sensitive to the CO ~2~ serum levels). [@JR_48] Further, the brain ischemia, due to the hyperventilation and subsequent hypocapnia, decrease the HCO3 levels leading to the decreased oxygen release in the brain. This is one of the main problems with the hyperventilation management that forces the treating physicians to consider it as a short-term treatment to reduce the ICP. [@JR_50]

Complications
=============

As in most of the medical and surgical procedures, complications following tracheostomy are classified into two types: early and late complications; these may also be life-threatening ( [Table 1](#TB_1){ref-type="table"} ). [@JR_51] [@JR_52] [@JR_53] [@JR_54] [@JR_55] [@JR_56] Early complications occur within the first week, namely bleeding that starts during the procedure and in less than 48 hours is common due to the injury; but later it can be harmful for the patient's life by the tracheostomy tube or airway occlusion. [@JR_54] [@JR_57] [@JR_58] [@JR_59] Tube obstruction as mentioned before may be caused by a blood clot, or also by mucous plugs, angulation of the tube, or even a false lumen. Infections may be caused due to the bad wound care and also nosocomial pneumonia. Tube dislodgement occurs within the first week and is a medical emergency because it could be difficult to replace creating a false tract; it occurs when the patient is moved, or the tube is replaced, or even when the patients by itself get extubated. [@JR_22] [@JR_54] [@JR_57] [@JR_58] [@JR_59] [@JR_60] The late complications appear with a prolonged tube placement and are divided by the anatomic location related to the stoma (suprastomal, stomal, and infrastomal). [@JR_55] [@JR_57] When the patients undergo cricothyroidotomy, the suprastomal complications are the most frequent injuries and the patients present with tracheal or subglottic stenosis. [@JR_55] [@JR_57] Stomal complications are caused by the injury of the anterior tracheal wall; this one invaginates protruding in the lumen causing a tracheal obstruction resulting in the stomal stenosis. The infrastomal complications are the stenosis, the tracheomalacia, and the fistulas (tracheoesophageal and tracheoinnominate), as well as ischemia of the walls due to the prolonged pressure of the tube; this latter one may lead to tracheal ulceration and posterior tracheal necrosis. [@JR_55] [@JR_57]

###### Complications of tracheostomy

  -------------------------------------------------
  Pneumothorax
  Hemorrhage
  Tube/cannula misplacement
  Esophageal injury and tracheoesophageal fistula
  Thyroid injury
  Recurrent laryngeal nerve injury
  Subcutaneous emphysema
  Cardiopulmonary arrest/mortality
  Infection
  Tracheal stenosis
  Tracheomalacia
  Voice change
  -------------------------------------------------

Weaning from Ventilator
=======================

The guidelines for weaning from ventilator were developed 10 years ago, [@JR_1] which required the patient to meet adequate criteria. [@JR_61] However, traditional weaning parameters are not good predictors of a successful outcome in neurocritical care; for this reason, these parameters are not reliable in neuroemergencies. [@JR_62] In a multicenter observational study, [@JR_37] which included patients with TBI, stroke, and subarachnoid hemorrhage, showed that the duration of MV is greater, compared with other groups of patients in the ICU presenting greater challenges to the clinician for weaning in the neurological patients. There is very little evidence for the patient with TBI regarding this topic, in fact, the failure rate of extubation is up to 38% [@JR_63] and the rates of delayed extubation are also high. [@JR_1] It is recommended that weaning in these patients should be initiated only after the improvement in the pathology and careful consideration of the risks and benefits of continuing ventilator support. [@JR_64] A multicenter study on 437 patients evaluated four characteristics---namely, ageless than 40 years, visual pursuit, attempts to swallow, and GCS score more than 10---that were associated with successful extubation in patients with severe TBI [@JR_65] . Each characteristic counted as a point, and a score 3 or more was associated with 90% extubation success. Another multicentric observational study on 192 patients evaluated elements other than GCS, associated with the success of extubation, which included juvenile age, presence of cough, and negative fluid balance. [@JR_66] Despite these studies that create scores to predict success, they lack external validation making generalization of these results difficult, which is why studies are still needed to confirm the applicability of these to the patients with TBI.

Decannulation Protocol
======================

Decannulation involves the valuation of multiple variables, and although this is a process with little scientific evidence and that requires interdisciplinary coordination, its arduous work could reduce the time of use of the tracheostomy, accelerate weaning, and increase safety for the patient while decreasing the risk of failure and complications. [@JR_67] In this context, decannulation is usually based on particular scenarios in each institution, adding the clinical condition of the patients and the experience of the treating team. Like the weaning of ventilation, it is very difficult to predict the success or not of decannulation, and the proper time to perform the procedure is unknown. For this reason, numerous studies have been performed that attempt to introduce predictive criteria for successful decannulation. [@JR_68]

A multicenter study on 831 patients, of which 470 were decannulated, associated measurable parameters at admission such as an oral diet and a higher alert status as predictors of successful decannulation. [@JR_69] In addition, they found a negative association with age, duration of MV, and complications. Enrichi et al, in a population of 74 patients with acquired brain injury, found that the criteria that showed the highest values of sensitivity and specificity for the prediction of successful decannulation were plugging the tracheostomy tube (80--100%), endoscopic airway patency evaluation (100--30%), swallowing assessment (85--96%), and blue dye test (65--85%). [@JR_69] [@JR_70] All these criteria that were combined into a single clinical parameter had greater sensitivity (100%) than specificity (82%). In addition, they evaluated other parameters such as voluntary cough, cough reflex, tracheal suction numbers, oxygen saturation, and the level of consciousness. [@JR_69] [@JR_70]

A systematic review evaluated predictors of successful decannulation and proposed a predictive score, the results of which are similar to the studies mentioned above. They divided the parameters into two groups: quantitative objectives and semiquantitative parameters. [@JR_71] The review established that---if all the main criteria are counted, independently of the minor criteria---in decannulation, there is a probability of positive results if the two major criteria are met: (1) a careful evaluation is needed and (2) if most minor criteria are met. [@JR_71] It is important to remember that it is a hypothetical score and requires validation in daily practice. Two recent studies, a systematic review and a retrospective study, associated positive spontaneous cough in patients with TBI as a predictor of the success of decannulation, [@JR_72] [@JR_73] a result that is consistent with the literature reviewed. In general, decannulation is more often individualized than protocol based. In this sense, randomized controlled studies can do it more based on evidence.

Outcome
=======

TBI may present, related to the severity of the injury, a tracheostomy due to the bad airway functionality. Due to this, many patients will have a prolonged MV as one of the main outcomes secondary to this entity. Sometimes patients will present with a prolonged in-hospital or ICU stay due to the bad health status and comorbidities, as well as with nosocomial infections or thrombosis/embolism events due to the lack of movement that may also produce pressure ulcers in the patients, especially in those that have a GCS less than 8 points, have neurological degenerative disorder, or are elder. [@JR_21] It has been noted that age is related to the prognosis outcome after a TBI; younger patients have higher recovery rates. In 2014, a study showed that for elderly population the injury related to GCS had a higher mortality rate than younger population (under 55) (i.e., GCS as a better death predictor); younger patients with worst injuries than the elderly endured a better outcome. [@JR_74] Knowing this, it can be explained why in the aged population, there is a decreased likelihood to realize a tracheostomy, by taking into account the outcome prognosis and the possible comorbidities and functional baseline deterioration compared with the younger patients. However, in a study on the general population in 2017, it was found that patients with severe TBI and those that did not underwent tracheostomy had a shorter ICU stay and less MV days (this reduces the risk of nosocomial pneumonia and further complications). Current medical practice envisages that every patient has unique and individual requirements, and hence it is better not to generalize but to treat according to a tailor-made approach. [@JR_75]

Conclusions
===========

TBI incidence has been steadily increasing globally and tracheostomy has been accepted as an integral intervention in critically ill patients depending on risk correlates. Tracheostomy is accepted as noninvasive lifesaving bedside procedure for which a comprehensively unanimous clinical practice guideline is the call of the day to optimize indication to outcomes. Further, controlling complications including nosocomial infections is inherent challenge. In the era of patient centered evidence based medical care, we need to move forward with futuristic vision for lower complications, higher success rates combined with optimal weaning, and decannulation taking caregiver in confidence.
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